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OBSERVATION OF THE Σb BARYONS AT CDF
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We presenta measurementof four new bottombaryonsin proton-antiprotoncollisionswith a centerof
massenergy of 1 � 96TeV. Using1 � 1 fb

� 1 of datacollectedby theCDFII detector, weobserve four Λ0
bπ
�

resonancesin the fully reconstructeddecaymodeΛ0
b
� Λ

�
c π � , whereΛ

�
c
� pK

� π
�

. Theprobability
for the backgroundto producea similar or larger signal is less than 8 � 3 � 10

� 8, correspondingto a

significanceof greaterthan5.2σ. We interpretthesebaryonsastheΣ
���
	 �
b states.

1 Introduction

The Tevatronat the Fermi NationalAcceleratorLaboratorycollides pp̄ with a centerof massenergy
of 1.96 TeV. The Collider Detectorat Fermilab,or CDF, experimentemploys a generalmultipurpose
detector1 to reconstructparticlephysicseventsfrom thesecollisions.With ab hadroncrosssectionof �
50 µb ��η �� 1 � 0� , 2 CDF hascollecteda wealthof experimentaldataon b hadrons.Usingthis data,we

announcethefirst observationof theΣ �������b baryons.

2 Σ �����b Theoretical Predictions

Only oneb baryonhasbeenpreviously established,the groundstateΛ0
b, which containsb, u, andd

quarkswith the two light quarks(u andd) in a flavor antisymmetricdiquark state. CDF usesa two
displacedtracktriggerto selectthedecayof Λ0

b � Λ �c π � , with Λ �c � pK � π � (inclusionof therespective
charge conjugatemodesis assumedthroughoutthis paper). The two displacedtrack trigger requires
two high pT tracksdisplacedfrom the pp̄ interactionpoint; in the decayof Λ0

b, the two trackswhich
satisfy the requirementsareprimarily the pion from the Λ0

b decayandthe protonfrom the Λ �c decay.
Using1.1 fb � 1 of datacollectedby theCDF II detectorbetweenFebruary2002andMarch2006,CDF
possessestheworld’s largestsampleof bottombaryonswith 3180� 60 (stat.) Λ0

b � Λ �c π � candidates.
ThereconstructedΛ0

b invariantmassdistribution is shown in Fig. 1.



Thenext accessibleb baryonsarethe lowestlying Σ �����b states,which decaystronglyto Λ0
b baryons

by emittingpions. TheΣ ����� �b baryonscontainoneb andtwo u quarks,theΣ ����� �b baryonscontainoneb

andtwo d quarks,andtheΣ ����� 0b baryonscontaintheb, u, andd quarks.In theΣb baryons,thetwo light

quarksarein a flavor symmetricdiquarkstate,leadingto a doubletof baryonswith JP  1
2
� (Σb) and

JP  3
2
� (Σ �b). BecauseΣ ����� 0b decaysto Λ0

bπ0 andtheCDF II detectorcannotreconstructneutralpions,

we expectto observe only thechargedΣ �������b states.
Thereis predictedto beahyperfinemasssplittingbetweenthedoubletstatesΣb andΣ �b, aswell asa

masssplittingbetweentheΣ ����� �b andΣ ����� �b statesdueto strongisospinviolation. Predictionsfor theΣ �����b
massesexist from heavy quarkeffective theories,non-relativistic andrelativistic potentialmodels,1! Nc

expansion,sumrules,andlattice QuantumChromodynamicscalculations.Thesepredictionsexpect3

m� Σb �#" m� Λ0
b �%$ 180 " 210MeV/c2, m� Σ �b �#" m� Σb �%$ 10 " 40 MeV/c2, andm� Σ �b �#" m� Σ �b �%$ 5 " 7

MeV/c2. The intrinsic width of Σ �����b baryonsis dominatedby the P-wave one-piontransition,whose

partialwidth dependsontheavailablephasespace.4 For thepredictedrangeof Σ �����b masses,theintrinsic
width variesbetween2 and20MeV/c2.

3 Analysis Methodology

We searchfor four resonantΛ0
bπ � statesconsistentwith theoreticalpredictionsfor Σb, whereΣb now

refers to both charged J  1
2
� � Σ �b � and J  3

2
� � Σ ���b � states. To minimize the contribution of the

massresolutionof eachΛ0
b candidate,thesearchis madefor narrow resonancesin themassdifference

distribution of Q  m� Λ0
bπ �#" m� Λ0

b �#" mπ. Eventsareseparatedinto “Λ0
bπ � ” and“Λ0

bπ � ” subsamples;

Λ0
bπ � containsΣ ����� �b andΣ ����� �b while Λ0

bπ � containsΣ ����� �b andΣ ����� �b .
TheΛ0

b candidateis combinedwith apromptpion,astheΣb decaysstronglyat theprimaryvertex of
the pp̄ collision. To performanunbiasedoptimizationof theselectioncriteria,we useasa background
sampleonly thosetracksfar from theexpectedΣb signalregion. Fromtheoreticalpredictions,thesignal
region is definedas30 � Q � 100MeV/c2. Theprinciplesourcesof backgroundin theΣb Q distribution
are tracksfrom the hadronizationof prompt Λ0

b baryonsand B mesonsreconstructedas Λ0
b baryons,

andcombinatorialbackground.The percentageof eachbackgroundsourcein the Σb Q distribution is
fixed from the Λ0

b invariant massfit shown in Fig. 1, which is 89.4% Λ0
b baryons,7.3% B mesons,

and3.3%combinatorialbackground.TheQ distribution of eachbackgroundcomponentis established
beforeunblinding the signal region. The high massregion above the Λ0

b � Λ �c π � signal in the Λ0
b

massdistribution (Fig. 1) determinesthe combinatorialbackground.ReconstructingB̄0 � D � π � data
asΛ0

b � Λ �c π � givesthebackgroundfrom B hadronizationtracks.Thelargestbackgroundcomponent,
from Λ0

b hadronizationtracks,is obtainedfrom a Λ0
b PYTHIA 5 MonteCarlosimulation.

4 Σ �����b Results

After determiningthebackgroundshape,weobserveanexcessof eventsovertheexpectedbackgroundin
theΣb signalregion. Theexcessin theΛ0

bπ � subsampleis 118candidatesover288expectedbackground
candidates,while in theΛ0

bπ � subsampletheexcessis 91over313expectedbackgroundcandidates.The
strengthof theΣb hypothesisis evaluatedusingasateststatisticthelikelihoodratio,LR & Lalt ! L, whereL
is thefit likelihoodof thefour Σb signalhypothesisandLalt is thefit likelihoodof analternatehypothesis
suchastheno signalhypothesis.UsingsimplisticMonteCarlosamplesof backgroundfluctuations,we
find the probability of the no signalhypothesisto be lessthan8 � 3 ' 10� 8, correspondingto a signal
significanceof greaterthan5.2σ.

The subsamplesaremodeledwith a simultaneousunbinnedmaximumlikelihoodfit comprisinga
signalfor eachexpectedΣb stateplus thebackground.Eachsignalconsistsof a non-relativistic Breit-
Wigner distribution convolutedwith a doubleGaussianmodelof thedetectorresolution.The intrinsic



width of theBreit-Wigner is computedfrom theavailablephasespacegiven thecentrallocationof the
signal. Due to low statistics,the constraintm� Σ � �b �(" m� Σ �b �  m� Σ � �b �(" m� Σ �b �)& ∆ � Σ �b � is added.
The Σb signal fit to data,which hasa χ2 fit probability of 76% in the rangeQ *,+ 0 - 200. MeV/c2, is
shown in Fig. 2. The majority of the systematicuncertaintyon the yield measurementis dueto poor
knowledgeof the Λb hadronizationbackground,while the majority of the systematicuncertaintyon
the massmeasurementis due to the CDF massscaleuncertainty. The final resultsfor the yields are
N � Σ �b �  32� 13

� 12 (stat.)� 5

� 3 (syst.), N � Σ �b �  59� 15

� 14 (stat.)� 9

� 4 (syst.), N � Σ � �b �  77� 17

� 16 (stat.)� 10

� 6 (syst.), and
N � Σ � �b �  69� 18

� 17 (stat.)� 16

� 5 (syst.). ThesignallocationsareQ � Σ �b �  48� 5� 2/ 0
� 2/ 2 (stat.)� 0 / 2

� 0 / 3 (syst.)MeV/c2,
Q � Σ �b �  55� 9 � 1 � 0 (stat.)� 0 � 2 (syst.)MeV/c2, and∆ � Σ �b �  21� 2� 2/ 0

� 1/ 9 (stat.)� 0 / 4
� 0 / 3 (syst.)MeV/c2.

5 Summary

TheΛ0
bπ � resonantstatesobservedin 1 � 1 fb � 1 of CDFII dataareconsistentwith thelowestlying charged

Σb baryons,andtheobservedpropertiesarein agreementwith theoreticalpredictions.UsingtheCDFII
measurement6 of m(Λ0

b) = 5619� 7 � 1 � 2 (stat.) � 1 � 2 (syst.)MeV/c2, themassesof eachstateare
m � Σ �b �  5807� 8� 2 / 0

� 2 / 2 (stat.)� 1 � 7 (syst.)MeV/c2,
m � Σ �b �  5815� 2 � 1 � 0 (stat.)� 1 � 7 (syst.)MeV/c2,

m � Σ � �b �  5829� 0� 1 / 6
� 1 / 8 (stat.)� 1 / 7

� 1 / 8 (syst.)MeV/c2,
m � Σ � �b �  5836� 4 � 2 � 0 (stat.)� 1 / 8

� 1 / 7 (syst.)MeV/c2.
This is thefirst observationof thelowestlying chargedΣb baryons.
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Figure1: Unbinnedmaximumlikelihoodfit to thereconstructedinvariantmassof Λ0
b
� Λ

�
c π � candidates.The fully recon-

structedΛ0
b modes(suchasΛ0

b
� Λ

�
c π � andΛ0

b
� Λ

�
c K

�
) arenotshown separatelyon thefigure.
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Figure2: Unbinnedmaximumlikelihoodfit to theΣb Q distributions. The top plot shows theΛ0
bπ
�

combinations,while the
bottomplot shows the Λ0

bπ � combinations.The insetsshow the expectedbackgroundplottedon the datafor Q Q [0, 500]
MeV/c2, while theΣb signalfit is shown on a reducedrangeof Q Q [0, 200]MeV/c2.


